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Ranger Link Equation

The mean recelved signal countsare given by thelink equation :
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E.= transmitted energy 1, = detector QE

fos = laser firerate N, = receiver throughput efficiency

A, = receive aperture 6 = transmitter solid angle

R = rangeto the satellite T, = atmospheric transmission at zenith
O, = target array cross-section @, = target zenith angle

hv = laser photon energy g, = RMS pointing error



Correlation Range Recelver (CRR) Basics
Satellite Ranging Example

OMC PLOT AND CORRELATION RANGE RECEIVER
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How do we choose the frame interval t; and range bin t,,?



Choosing the Range Bin Size
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PRINCIPAL NOISE SOURCES

Detector Dark Count :
n, < 50kHz

Solar/Lunar Light Scatter off L ocal Atmosphere:
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where the time after laser fireis given by
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 Thesignal cell contrast is defined by
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The product CN, =N+ N, givesthe mean countsin the

signal cell where N, isthe mean signal count in the signal cell and N, isthe
mean noise count per cell . For small values of C more signal counts are
required per frame (e.g. N, > 80 for C = 2) for positive identification of the
signal cell and low occurrence of false aarms and implies alonger frame
interval. For high values of C, fewer signal counts are required (e.g. N;> 25 for
C =10) for good discrimination. High values of C also usually imply a greater
signal count rate and therefore much shorter frame intervals are necessary.



Signal Contrast for LAGEOS Satellite
vs Solar (6) and Satellite (&) Zenith Angles

Day Contrast vs Solar & Satellite Angles
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Effect of Laser Backscatter on Signal Contrast
as a Function of Time after Laser Fire and
Satellite Zenith Angle (&)
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Differential Cell Count

We want to maximize the probability of detecting the signal
cell while minimizing the number of noise cellsthat trigger
false alarms so we introduce the Differential Cell Count (DCC)

N =P, = N,,Py,
defined as the mean number of correctly identified signal cellsin a
frame minusthe number of incorrectly identified noise cells, where
P, = the probability of correctly detecting the signal cell in a frame
P,, = the probability of falsely identifying a given noise cell as signal

N, = thenumber of range binsin therange gate

The DCC hasa maximum value of onewhen P;,=1and P,, =0!



Optimum Frame Threshold

We set the quasi-derivative of oN with respect to theframethreshold, K,
equal to zero
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and notethat thisisa maximum since the second quasi-derivativeislessthan
zerofor C>1
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Probability of Signal Cell Detection

and False Alarm Rates
Probability of detecting the signal cell:
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Extracting Low Contrast Signals
(eg. C=2, N,= N, =100 pe)

Red Solid Curve = count distribution for signal cell (signal plus noise).
Blue Dotted Curve = count distribution for one noise cell (noise only).
Green Dashed Curve = total count distribution for all noise cellsin aframe.
The optimum frame threshold, K, isthe vertical dashed line

near the intersection of the red and green curves.
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Summary of Methodology for Choosing
Correlation Range Receiver Parameters

Choosetheframeinterval, r, based on theapriori signal contrast, C,
and rangereturn rate. For low contrast situations, we must collect on the
order of 80 or more signal pe'sfor good discrimination.

Compute the maximum data spread, 4, for that frameinterval using the
instrumental data spread, d, and the maximum expected data sope, o.

Range bins2to 4 timesthetotal data spread per frame are a good
compromise between the mean fraction of signal counts captured in a
single cell and thereduction in signal contrast. Oncethe signal sopeis
taken out via an updated time bias, the mean fraction of signal counts
Increases

M aximization of the Differential Cell Count isa very powerful algorithm
for maximizing the probability of detection for the signal cell while
minimizing the number of cell false alarmsand leadsto a ssmple formula
for computing the optimum framethreshold, K.

Correlation Range Recelver parameters (frameinterval, range bin, frame
threshold) can be updated and optimized in real time using visibility and
cloud data from the “ smart meteorological station” plus actual noise and

signal countsfollowing satellite acquisition.



During the day and with the assumption of a standard clear atmosphere
and a 2 nsec range bin, LAGEOS signal contrast isdegraded to values
below 2 at very low elevation angles (10°). Longer frameintervals (10 to
20 sec) aretherefore necessary to accumulate the required number of
signal photoelectrons (~100).

Therequired frameinterval decreasesrapidly at higher elevation angles,
e.g. 2 sec at 20° elevation. Higher QE (40%) detectors are now available
which can further reduce the frameintervals by factors of 4.

For most solar and LAGEQOS zenith angles, thelink is expected to be very
robust.

The data slope does not have a significant effect on the choice of range bin
except at very low elevation angles.

For night operations, the noiseis dominated by the detector dark count
rate and signal contrasts are high (C > 50) for all LAGEOS elevation
angles above 10°.

L aser backscatter in the atmosphere makes an additional noise
contribution for up to 200 microseconds at low elevation angles following
laser fire. However, the contrast drops below 2 for only 25to 30 psec
following laser fireresultingin a 5% to 6% lossin data over the 500 psec
laser fireinterval. However, the laser repetition rate can be varied dightly
to avoid overlap of the outgoing and incoming pulses at the receiver.



